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The present invention relates to surface detector 
systems and is concerned with surface detector sys- 
tems for determining the extent to which a surface 
under observation has been modified with a modifier 
ingredient. ^ 

During the manufacture of an article, it is often 
desirable to modify at least some of the surface of the 
article with a modrfier ingredient. The modifier imparts 
to the modified surface a specific property. 

Regardless of how this modification occurs, it is io 
necessary to determine if the desired modification has 
actually occurred. Unless the achievement of the 
modification can be acurately and quickly determined, 
it is typically difficult to perform such a surface modi- 
fication commercially since one would not know if the is 
surface has the desired modified properties. 

For example, U.S. Patent No.4,770,905 to Silber- 
mann et al. discloses a process for the modification of 
the surface region of polymer articles, such as solid 
polyvinyl chloride (PVC). In one embodiment of the 20 
process described in this patent, an ultraviolet (UV) 
radiation stabiliser is coated on the surface region of 
a PVC article by transporting the article through an 
aqueous media and contacting a surface of the article 
with a solution of the stabiliser in an organic solvent 25 
while the article Is being transported through the 
aqueous media. The UV stabiliser coated on the sur- 
face of the article thus protects the coated surface 
against attack by the effects of sunlight by preventing 
degradation due to UV radiation, 30 

It is critical, however, to detect whether this coat- 
ing has thoroughly covered the surface to be exposed 
to sunlight. The absence of this coating in any area of 
the PVC surfaces to be exposed could lead to uneven 
weathering patterns in the surface. This is particulariy 35 
undesirable where the PVC surface is applied to a 
cladding on commercial or residential structures. 

There are numerous chemical methods to anal- 
yse the presence or absence of the coating on a PVC 
surface. Unfortunately, there are several disadvan- 40 
tages attendant to their use. 

One widely used method is in the dissolution of a 
PVC surface sample in a suitable solvent such as tet- 
rahydrofuran (THF), followed by centrifugation and 
high performance liquid chromatography (HPLC) 45 
analysis. This method is time consuming and results 
in the destruction of the sample. Further, this method 
is not continuous so while It would be useful for quality 
control in a batch process, it would not provide pro- 
cess control for a continuous fabrication line. so 

Accordingly, it is the object of the present inven- 
tion to provide a method and apparatus for detecting 
the presence of a modifier Ingredient in a substrate 
surface which is not only able to detect the fact that 
portions of the surface are unmodified but is rapid and 55 
has a sufficient resolution to be able to detect flaws 
and alert an operator to the presence of process 
defects occurring during the continuous operation of 



a manufacturing line. It is a further object of the inven- 
tion to provide such a method and apparatus which is 
non-destructive of the substrate surface. 

According to the present invention a method of 
detecting the presence of a modifier ingredient in a 
substrate surface is characterised by: 

(a) directing ultraviolet radiation to a desired area 
of the substrate surface which emits fluorescent 
radiation in an inverse relation to the extent to 
which it is modified with the modiner ingredient; 

(b) directing radiation emanating from the desired 
area to a detection means; and 

(c) generating a signal in response to radiation 
incident on the detection means, the level of the 
signal being indicative of the extent to which the 
substrate surface has been modified with the 
modifier ingredient. 

The step of directing the radiation from the des- 
ired area of the substrate surface to the detection 
means may include fonming an image including the 
desired area of the substrate surface on the detection 
means or directing the radiation to a charge coupled 
device. The method may also include fomiing the 
image of the desired area on a cathode ray tube. 

The method is particulariy useful when the sul>- 
strate comprises polyvinyl chloride and the modifier 
ingredient comprises an ultraviolet radiation stabiliser 
but a wide range of different substrates and modifiers 
are also possible. 

In accordance with a further aspect of the present 
invention apparatus for detecting the presence of a 
modifier ingredient in a substrate surface is character- 
ised by: 

(a) means for generating ultraviolet radiation and 
directing the ultraviolet radiation to a desired area 
of the substrate surface; 

(b) means for directing fluorescent radiation 
emanating from the desired section of the sut> 
strate surface; and 

(c) detecting means disposed to receive and 
detect the directed fluorescent radiation and to 
generate a signal in response to the received 
fluorescent radiation. 

The method and apparatus of the present inven- 
tion enable deviations in the modification of the sub- 
strate surface to be quickly and accurately detected 
without the need to destroy the article. The present 
invention is particulariy suited for use as a quality con- 
trol check to detect flaws in the surface modification 
during continuous processing of the article. 

The invention particulariy solves the problem of 
detecting the presence of a modifier ingredient that 
absorbs UV radiation, such as a UV stabiliser, on a 
substrate surface, such as PVC. As used herein, "on 
a substrate surface" means that the modifier ingred- 
ient can be physically present either on the surface or 
within the surface region of the substrate surface, 
which is the region just below the surface of the sub- 
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Strata. For example, the substrate surface can be 
coated with the modifier ingredient. 

The signal generated by the detection means is 
preferably compared with a threshold value which is 
representative of a desired area of the substrate sur- 
fece that is not modified witti the modifier ingredient, 
that is to say the threshold value is the value of the sig- 
nal which is obtained when no modifier Ingredient is 
present, and a different signal is then generated rep- 
resentative of the difference between the signal and 
the threshold value which is representative of the deg- 
ree to which the desired area of the substrate surface 
Is unmodified. 

The present inventfon also embraces a method of 
modifying a substrate surface In which at least one 
modifier ingredient is incorporated in the substrate 
surface and the amount of the modifier ingredient in 
the substrate surface is then detected by the method 
in accordance with the invention. The modifier ingre- 
dient may be incorporated in the substrate surface by 
immersing It in a liquid and then contacting it with a 
solution of a modifier Ingredient in a solvent. 

Further features and advantages of the invention 
will be apparent from the following description of cer- 
tain specific embodiments which is given by way of 
example with reference to the accompanying draw- 
ings, In which:- 

Figure 1 is a graphical representation of the rela- 
tionship between the percentage of stabiliser in a 
PVC substrate and the fluorescent radiation 
emanating from the substrate in response to UV 
radiation incident thereon; 
Figure 2 is a block-schematic diagram of one 
embodiment of an apparatus in accordance with 
the present invention: 

Figure 3 is a block-schematic diagram of a sec- 
ond embodiment of an apparatus in accordance 
with the present invention; 
Figure 4 is a schematic diagram of a fibre optic 
head and cable used in a modified apparatus in 
accordance with the present Invention. 
The substrate material can be any polymer or 
plastk: substrate. Exemplary substrates Include PVC 
polycarijonate. polyethylene, polypropylene, acrylo- 
nltrlle/butadlne/styrene (ABS). rubber, polyacrylates 
polynwthacrylates. and polyesters (e.g. polyethylene 
terephthalate and polybutylene terephthalate) The 
resin substrate can be transparent, translucent, opa- 
que or pignwnted. 

The substrate surface can be an entire article or 
only part of an article. The article can be of any shape 
Exemplary articles Include residential and commer- 
cial dadding and window frames. 

The modifier ingredient can be any ingredient 
with which one skflled In the art would desire to modify 
the properties of the substrate surface. Exemplary 
modifier Ingredients Include UV radiatton stabilisers 
anti-oxWants. anti-static agents, pigments, and dyes* 



Preferred UV radiation stabilisers are benzophe- 
nones and triazoles. 

The modifier Ingredient can be incorporated into 
the substrate surface by any technique known in the 
s art. Particularly preferred methods of incorporating 
the modifier ingredient, such as a UV radiaUon stabi- 
liser, into the substrate, such as PVC, are disclosed 
in U.S. Patent Nos.4,770,905. 4,792.465 and 4.868 
011. 

10 For example, the surface can be modified by 

immersing the surface in a substrate liquid media and 
then contacting the immersed surface with a solution 
of the modifier ingredient in a solvent The liquid is one 
which Is non-aggressive toward the surface and 

15 which is immiscible with the solvent. That is. the liquid 
such as water, should not dissolve, swell or otherwise 
react with the surface. 

The solution should be immiscible with the liquid 
For example, if the liquid is water, then the solution 

20 can be water-immiscible organic solvents, such as 
halogenated hydrocarbons having up to six carbon 
atoms in the chain, ketones, and aliphatic esters. 
Examples of such soluUons Include methylene 
chloride, chloroform. 1.2-dichloroethane. 2K:hloro-2- 

25 methyl-propane. 2-pentanone. 3-pentanone. 2-hexa- 
none. 2.4-pentanedione. diethyl ehter. dipropy! ether, 
dimethoxy ethane and furan. 

The modifier ingredient is preferably incorporated 
into the surface region of the substrate region. In 

30 some embodiments, such as where the substrate sur- 
face is to be used as residential or commercial clad- 
ding, the modifier ingredient, particularly a UV 
radiation stabiliser, is incorporated in a surface region 
of about 200 microns In depth from the surface of the 

35 sheet. Preferably, the modifier ingredient is substan- 
tially absent from the interior or bulk of the sheet. 

There is a specific relationship between the emit- 
ted light from a substrate and the degree of modifier 
ingredient, such as an UV stabiliser, is present in a 

40 substrate. When UV radiation of a specific wave- 
length, for example about 329 nm. is incident on a 
substrate, such as PVC. the substrate absorbs this 
radiation and emits light of a higher wavelength, but 
of a lower energy. This phenomenon is called fluo- 

45 resccence. 

When the modfier ingredient incorporated on the 
substrate is a UV radiation stabiliser, the modifier 
Ingredient absorbs light and prevents the PVC 
molecules from absorbing and re-emitting light. In 

50 ofter words, the UV radiation stabiliser prevents the 
PVC substrate from fluorescing. The PVC substrate is 
thus protected against degradation by UV radiation 
incklent on its surface. 

For a given substrate, such as PVC, there are a 

55 number of factors which affect its fluorescence 
properties. These factors Include: the modifier ingre- 
dients present in the substrate, the various pigments 
and dyes used to colour the substrate, the types of UV 
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radiation stabilisers used, and the degree of thermal 
degradation Imparted to the substrate by processing 
conditions. 

An example of the relationship between the 
amount of the modifier ingredient and the fluoresc- e 
ence of the substrate is shown in Figure 1. Figure 1 
is a representation of data obtained for a white col- 
oured PVC substrate. The Y axis represents photon 
counts which are indicative of light intensity from the 
substrate, and the X axis represents the percentage io 
of UV radiation stabiliser in the PVC as measured by 
secondary methods. Such secondary methods may 
include, for example. HPLC. 

As shown in Figure 1, the largest Intensity of light 
occurs for a 0% stabiliser PVC substrate. The is 
fluorescence decreases sharply as the amount of UV 
stabiliser present on the PVC substrate increases. 
From a level of 0.1% stabiliser and higher, the degree 
of fluorescence does not change greatly as more UV 
radiation stabiliser is applied. 20 

The relationship shown in Figure 1 Is only one 
example of such a relationship. It Is for one type of 
substrate, namely PVC. and for one colour of PVC 
subsrate having one type of UV radiation stabiliser. 
For other types of substrates and UV radiation stabil- 25 
isers. the absolute values of fluorescent intensity 
would probably change. The trend of increasing 
fluorescent Intensity with decreasing percent UV radi- 
aUon stabiliser on the PVC substrate holds, however, 
for all permutations of substrates, colours and stabil- 30 
isers. 

Similarly, when a modifier ingredient other than a 
UV radiation stabiliser is present, there is a similar 
relationship between the fluorescent Intensity and the 
anrKJunt of the modifier ingredient on the substrate sur- 35 
face. By detecting the change in fluorescence for a 
substrate, the presence of the modifier ingredient in 
the substrate can be detected. 

Two embodiments of apparatus for detecting the 
presence of a modifier ingredient in a substrate sur- 40 
face are shown in Figures 2 and 3 and designated 
generally by the numeral 10. Those reference numer- 
als which are common to Figures 2 and 3 are used to 
designate structural elements in each Figure that are 
substantially the same. Accordingly, the description of 45 
these elements in relation to Figure 2 or 3 applies equ- 
ally to the element in either Figure. 

The apparatus of the present invention includes 
means for generating ultraviolet radiation and direct- 
ing the ultraviolet radiation to a desired section of the so 
substrate surface. In one embodiment, as shown in 
Figure 2, UV radiation generating means 12 are pro- 
vided to emit UV radiation. UV radiation generating 
means 12 are connected through a power line 13 to 
a power source, not shown. The means for generating ss 
ultraviolet radiation preferably emits radiation in the 
range of about 310-365 nm and. most preferably, 
about 312 nm. Preferably, when the means for 



generating ultraviolet radiation emit radiation in the 
range of about 310-365 nm. the substrate 14 emits 
fluorescent radiation in the range of about 420 nm. 

Also as shown in Figure 2. a substrate 14 is pro- 
vided having a top surface 16. Substrate 14 is, pref- 
erably, moved in a direction shown by arrow 18 by 
moving means, not shown. The UV radiation emitted 
by UV radiation generating means 12 is directed to a 
desired area 20. Included within the bounds of desired 
area 20 is preferably, as shown in Figures 2 and 3, a 
desired section 22 of the substrate surface. 

As shown in Figure 3, desired area 20 may be 
larger than desired section 22 of substrate 14. This 
will not affect the operation of an apparatus In accord- 
ance with the present invention. What is important is 
that desired area 20 is at least as wide as width W, 
of substrate 14. In this way. as substrate 14 is moved 
in direction 18. the entirety of top surface 16 may be 
viewed in the manner described below to determine 
whether It has been properly modified with a modifier 
ingredient, such as a UV stabiliser. 

The apparatus of the present invention includes 
means for directing radiation emanating from the des- 
ired section of the substrate surface. The radiation is 
directed to a detector means, as discussed below. 
Preferably, the means for directing radiation fonms an 
image of the desired area, including the desired sec- 
tion of the substrate surface, at an image plane. Fig- 
ure 2 shows a lens 23 spaced from desired area 20 
so as to form an image on a sensitive surface 24 of a 
detector 26. 

In lieu of lens 23, apparatus 10 shown in Figure 
2 may include a fibre optic cable 31, as shown in Fig- 
ure 4, to direct light emanating from top surface 1 6 of 
substrate 14 to detector 26. At one end of fibre optic 
cable 31 is one or more fibre optic scanners 33 dis- 
posed opposite top surface 16. At the other end of 
fibre optic cable 31 is detector 26. In this way, radi- 
ation emanating from top surface 16 enters scanner 
33, traverses fibre optic cable 31 , and is thereby direc- 
ted to sensor 26. 

Fibre optic scanner 33 may be fixed relative to top 
surface 16, Alternatively, optic scanner 33 may be 
movable transversely along rail 35 relative to top sur- 
face 16 as substrate 14 nrK»ves in direction 18. By 
making optic scanner 33 movable along rail 35, the 
size of fibre optic scanner 33 can be minimised while 
still obtaining complete coverage of top surface of 
substrate 14. 

The apparatus of the present invention includes 
a detecting means disposed to receive the directed 
radiation and detect fluorescent radiation. The detect- 
ing means generates a signal in response to the 
received fluorescent radiation. The level of the signal 
is indicative of the extent to which the substrate sur- 
face has been modified with the modifier ingredient. 

In one embodiment of the invention, the detector 
means is a detector 26. which is chosen such that 
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when an image of desired area 20 is formed thereon, 
and the image contains at least some fluorescent radi- 
afion generated by the substrate surface in response 
to ultraviolet radiation incident thereon, the detecting 
means generates a signal in response to fluorescent s 
radiation incident thereon. Detector 26 generates a 
signal in response to the fluorescent radiation incident 
on sensitive surface 24 which is sent via a line 28 to 
computing means 30 and processed in the manner 
described below. 

In one embodiment, as shown in Figure 1. and 
described previously, the intensity of fluorescent radi- 
ation emanating from the substrate material Is indica- 
tive of the concentration of UV stabiliser on the 
substrate. Thus, the level of the signal generated by is 
detector 26 is indicative of both the intensity of fluores- 
cent radiation emanating from substrate 14 and. infe- 
rentially, based on the relationship shown in Figure 1 , 
the concentration of UV stabiliser on the substrate U. 
In this way. the level of the signal from detector 26 can 20 
be used to detemiine both whetiier substrate 14 has 
been modified with a UV radiation stabiliser and the 
degree to which it has been modified. Simflar relation- 
ships and determinations can be made for modifier 
Ingredients other tiian a UV radiation stabiliser. 25 

In one embodiment of an apparatus in accord- 
ance with the present invention, the detecting means 
includes a charge coupled device. Other examples of 
detectors 26 useful in an apparatus in accordance 
witti the present invention are a cadmium sulphide 30 
photocell or silicon photovoltaic cell. 

In one embodiment, the light source generates 
UV radiation having a maximum wavelength of about 
365 nm and an intensity of about 7000 uW/cmZ at 
about 38 cm distance from substrate 1 4 made of PVC 35 
A plano-convex lens (f = 25 mm) could be used as 
image forming means 23. A computer supplied by the 
Dolan-Jenner Company and including a Micro-Optic II 
series 8230 control board or a computer provided by 
Opticoast can be connected to the detecting means 4o 
The Micro-Optic II series 8230 control board is used 
to modify the response characteristics of the detector 
and to provide test leads for measurement of the 
analog output of the detector elements. The Dolan- 
Jenner package also includes a relay by which an 45 
alarm can be turned on when a given signal level out- 
put from detector 26 is realised. 

Preferably, in an apparatus in accordance with 
the present invention, a cathode ray tube is provided 
for displaying a representation of the image fomed on so 
the charge coupled device. As shown in Figure 2 a 
display means 32 is provided operably connected'to 
computer means 30 for displaying the signal output 
from detector 26. For example, display means may 
indude a cathode ray tube to display a representation 55 
Of the image formed of desired area 20 on sensitive 
surface 24of detector means 26. In addition, or in lieu 
of computer means 30 and a cathode ray tube, output 

6 



from detector means 26 can be displayed in an analog 
fonm by, for example, displaying the level of the signal 
from detector means 26 on a strip chart recorder or a 
voltmeter. 

Referring now to Figure 3. an image of desired 
area 20 is formed, through filter means 25 on TV cam- 
era 26. A suitable filter is one which removes the 
infrared components from the ultraviolet lamp source, 
since all ultraviolet lamps produce substantial infrared 
radiation. Suitable filters can be of ttiree types: (1) A 
bandpass filter, which is a filter having a b-ansmission 
that is high for a particular band of wavelengths, trans- 
mitting only radiation having wavelengths above and 
below this band and blocking all others; (2) An inter- 
face filter which is a filter made of thin layers of metals 
and dielectrics which, by the optical effects of interfer- 
ence, results in high ti^nsmission over a narrow spec- 
tral range; and (3) A hot mirror which is a min-or with 
a coating that reflects Infrared radiation and transmits 
visible light. 

The fluorescent radiation emanating from top sur- 
face 16 of substrate 14 is preferably directed to cam- 
era 26 by a reflective surface 34. Because the entirety 
of apparatus 10 can be included in an enclosure 40 
by providing reflective surface 34. the height and! 
hence, the total volume of the apparatus 10 can be 
reduced. 

The output of the camera is connected through a 
line 36 to computer means 30. Output or display 
means 32. in the form of a TV monitor, or CRT. is con- 
nected to computer means 30 through line 38. Output 
means 32 produces a visual representation of the 
fluorescent radiation emanating from top surface 16 
of substrate 14. In this way, an operator can view top 
surface 16 of substrate 14 as it moves in the direction 
of arrow 18 to detemiine if it has been property mod- 
ified with a modifier ingredient, such as a UV radiation 

stabiliser. If there isamissed or insufficienUy modified 
area, the substrate 14 being viewed can be rejected. 

The method in accordance with the present 
invention includes directing ulU-aviolet radiation from 
for example. U V radiation means 1 2. to a desired area 
22 of top surface 16 of substrate 14. In response to 
the UV radiation incident on its top surface 16, sub- 
sb-ate 14 emits fluorescent radiation in an inverse 
relation to the extent to which It is modified witti a mod- 
ifier ingredient. 

An image of the radiation emanating from the des- 
ired area 22 of top surface 16 of substrate 14 is then 
directed to the detector and a signal is generated in 
response to fluorescent radiation incident on the 
detector. The level of ttie signal is indicative of the 
extent to which the substrate surface has been mod- 
ified with the modifier ingredient 

The method preferably also includes comparing 
the signal generated by detector 26 to a threshold 
value, the threshold value being representative of a 
desired area of the substrate surface that is not mod- 



BNSDOCID: <EP_0468474A1J_?. 



9 



EP 0 458 474 A1 



10 



ified with the modifier ingredient. This comparison can 
be perfomied. for example, in computing means 30 
and includes comparing the value of the signal gen- 
erated by detecting means 26 with a stored value 
stored in computing means 30. The stored value is the s 
value that is generated by the detector 26 if the sub- 
strate 14 was not at all modified with the modifier 
ingredient. 

The method also preferably includes generating 
a difference signal representative of the difference be- io 
tween the signal and the threshold value. When the 
comparison is performed in the computing means 30, 
a result of the comparison is generated which is the 
difference between the signal generated by detector 
26 and the threshold value stored in computing means is 
30. The difference signal is representative of the deg- 
ree to which the desired area of the substrate surface 
is modified. That is, the greater the difference signal, 
the higher is the degree the substrate 14 is modified 
with the modifier ingredient. 20 



Claims 

1 . A method of detecting the presence of a modifier 25 
ingredient in a substrate surface, characterised 

by: 

(a) directing ultraviolet radiation to a des- 
ired area (20) of the substrate surface (16) which 
emits fluorescent radiation in an inverse relation 30 
to the extent to which it is modified with the mod- 
ifier ingredient; 

(b) directing radiation emanating from the 
desired area (20) to a detection means (26); and 

(c) generating a signal in response to radi- 35 
ation incident on the detection means (26). the 
level of the signal being indicative of the extent to 
which the substrate surface has been modified 

with the modifier ingredient. 

2. A method as claimed in claim 1, characterised in 
that the step of directing radiation emanating from 
the desired area (20) of the substrate surface (16) 
to the detection means (26) includes forming an 
image including the desired area of the Substrate 45 
surface on the detection means. 

3. A method as claimed in claim 1. characterised in 
that the substrate comprises polyvinyl chloride. 

4. A method as claimed in claim 1 . characterised by: 

(d) comparing the signal to a threshold value 
which is representative of a desired area of 
the substrate surface (16) that is not modified 

with the modifier ingredient; 55 

(e) generating a difference signal representa- 
tive of the difference between the signal and 
the threshold value, the difference signal 
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being representative of the degree to which 
the desired area of the substrate surface Is 
unmodified. 

A method as claimed in any one of the preceding 
claims, characterised in that the ultraviolet radi- 
ation has a wavelength in the range of about 31 0- 
365 nm, preferably about 312 nm. 

A method as claimed in any one of the preceding 
claims, characterised in that the modrfer ingred- 
ient comprises an ultraviolet radiation stabiliser. 

Apparatus for detecfing the presence of a mod- 
ifier ingredient in the substrate surface, charac- 
terised by: 

(a) means (12) for generating ultraviolet radi- 
ation and directing the ultraviolet radiation to 
a desired area (20) of the substrate surface 
(16); 

(b) means (23;33) for directing fluorescent 
radiation emanating from the desired section 
of the substrate surface; and 

(c) detecting means (26) disposed to receive 
and detect the directed fluorescent radiation 
and to generate a signal in response to the 
received fluorescent radiation. 

Apparatus as claimed in claim 7. characterised in 
that the directing means (23) fonms an image 
including the desired area of the substrate sur- 
face at an image plane. 

Apparatus as claimed in claim 7 or claim 8, 
characterised in that the directing means includes 
a charge coupled device. 

Apparatus as claimed in any one of claims 7 to 9, 
characterised in that the means (12) for generat- 
ing ultraviolet radiation emits radiation having a 
wavelength in the range of 310-365 nm, prefer- 
ably about 312 nm. 
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